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Relationship between hematocrit and renal function in men Anemia is a known complication of renal insufficiency,
and women. mostly as a result of decreased kidney production of
Background. Anemia is a known complication of renal in- erythropoietin [1]. However, the relationship between
sufficiency, but the relationship between level of renal function
the level of renal function and degree of reduction inand magnitude of reduction in hematocrit is not well defined.
hematocrit is not well defined. For example, the highestMen have higher hematocrit and absolute glomerular filtration
rate (GFR) than women; however, it is unknown whether the level of renal function associated with a discernible de-
level of clearance associated with decreased hematocrit is the crease in serum hematocrit has been variously reported
same in men and women. to be a creatinine clearance (CCr) of 40 mL/min/1.73 m2Methods. We conducted a cross-sectional study of 12,055
[2] or 35 mL/min/1.73 m2 [3] or a glomerular filtration rateadult ambulatory patients. General linear models were used
(GFR) of 20 mL/min/1.73 m2 [4]. Previous studies haveto analyze the relationship between hematocrit and Cockcroft-
been limited by their small sizes [2–4] or exclusion ofGault equation estimated creatinine clearance (CCr; mL/min)
and Modification of Diet in Renal Disease (MDRD) formula adults [3, 4]. Whether the level of renal function at which
estimated the GFR indexed to body surface area (mL/min/ the hematocrit begins to fall is the same in men and
1.73 m2). women is not known.
Results. The hematocrit decreased progressively below esti-
The relationship between hematocrit and renal functionmated CCr 60 mL/min in men and 40 mL/min in women. Com-
may differ in men and women because men and womenpared with subjects with CCr .80 mL/min, men with CCr 60 to
50 mL/min, 50 to 40 mL/min, 40 to 30 mL/min, 30 to 20 mL/min, differ in their mean hematocrit and mean renal function.
and #20 mL/min had mean hematocrits that were lower by Compared with men, women on average have lower
1.0, 2.4, 3.7, 3.5, and 10.0%, respectively; the corresponding hematocrit and lower GFR. The former has been attrib-
reductions in women with CCr 40 to 30 mL/min, 30 to 20 mL/min, uted to hormonal differences [5], and the latter appearsand #20 mL/min were 1.7, 2.9, and 6.3% (all P , 0.05). This
to be proportional to women’s smaller body size. Amongbetween-sex difference diminished when renal function mea-
age-matched, healthy adults, there were no between-sexsurement was indexed to body size. Compared with subjects
with GFR .80 mL/min/1.73 m2, men with GFR 50 to 40 mL/min/ differences in GFR after normalization to 1.73 m2 body
1.73 m2, 40 to 30 mL/min/1.73 m2, 30 to 20 mL/min/1.73 m2, surface area (BSA) [6]. Previous studies of the impact
and #20 mL/min/1.73 m2 had mean hematocrits that were lower of gender on kidney disease have not examined whether
by 2.0, 4.4, 5.3, and 9.4%; the corresponding reductions in
the hematologic consequences of renal insufficiency dif-women with GFR 50 to 40 mL/min/1.73 m2, 40 to 30 mL/min/
fer by gender [7].1.73 m2, 30 to 20 mL/min/1.73 m2 and #20 mL/min/1.73 m2
were 0.6, 1.6, 3.8, and 5.3% (all P , 0.05). In this cross-sectional study of 12,055 ambulatory pa-
Conclusions. A decrease in hematocrit is apparent even among tients, we aimed to define the relationship between renal
patients with mild to moderate renal insufficiency. At any given function and hematocrit. Our second goal was to deter-
level of renal function below estimated CCr 60 mL/min, men mine whether this relationship differed in men and women.have a larger decrease in hematocrit than women.
METHODS
Key words: anemia, hemoglobin, chronic renal insufficiency, glomeru-
Population and databaselar filtration rate, creatinine clearance.
We identified ambulatory patients using the computer-
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in the outpatient medical record system were those fol- Cockcroft-Gault equation to estimate
creatinine clearancelowed at the hospital-based clinics, at community health
clinics, and at a variety of community-based practices. In this study, renal function was assessed in two ways:
The BWH catchment area covers the city and suburbs the Cockcroft-Gault equation and the Modification of
of Boston. There are also a small number of national Diet in Renal Disease study (MDRD) formula. First, the
and international referrals. The Brigham Integrated CCr (mL/min) was estimated from serum creatinine, age,
Computer System (BICS) includes an electronic medical sex, and weight using the Cockcroft-Gault equation [13]:
record that contains information collected and entered
Creatinine clearance (mL/min)by physicians or nurses as part of routine clinical care
[8]. Available information includes demographic infor-
5
(140 2 age) 3 wt (kg)
Serum creatinine (mg/dL) 3 72
(3 0.85 for females)mation, outpatient vital signs such as weights, and results
of laboratory tests, including serum creatinine, urea ni-
The Cockcroft-Gault estimated CCr has been foundtrogen, albumin, and complete blood count.
to correlate well with measured CCr in a large varietyWe previously collected data from BICS on adult pa-
of patient populations including both men and womentients who had two or more serum creatinine measure-
(correlation coefficients 5 0.8 to 0.9) [14]. The firstments two or more years apart from January 1, 1990, to
weight and the first creatinine recorded online after Jan-December 31, 1998, to study risk factors for deterioration
uary 1, 1990, were used for each patient.in renal function among ambulatory subjects [9]. In the
present investigation, we examined the subset of subjects MDRD formula to estimate BSA-normalized GFR
who also had at least one hematocrit measurement and
Second, renal function was estimated using a formulahad weight recorded online (to allow estimation of CCr recently published by the MDRD investigators that esti-using the Cockcroft-Gault equation). Among the 40,510
mates GFR (mL/min/1.73 m2) normalized to BSA [15]:ambulatory patients in BICS who were aged $18 with
two or more serum creatinine measurements two or Glomerular filtration rate (mL/min/1.73 m2) 5 170
more years apart during the study period, 12,200 of them
3 [serum creatinine (mg/dL)]20.999 3 [age]20.176
had their weights recorded online, and 12,055 also had
3 [urea nitrogen (mg/dL)]20.170their serum hematocrit measured. The demographic
characteristics and serum creatinine distributions of the
3 [albumin (g/dL)]10.318 3 (0.762 if female)
40,510 patients were similar to that of the 12,055 study
3 (1.180 if black)subjects (data not shown).
In contrast to the Cockcroft-Gault equation, whichSerum creatinine values in BICS
estimates absolute CCr, the MDRD formula estimates
The serum creatinine measurements in BICS include GFR normalized to BSA. We used the first online re-
those performed in both the outpatient and inpatient corded serum albumin and urea nitrogen not performed
setting. Most cases of acute renal failure occur in the within one week of another value along with the first
hospital, and the incidence of acute renal failure among serum creatinine. For the small number of subjects with-
outpatients is very low [10]. We attempted to exclude out urea nitrogen (96 out of 12,055 5 1%) or albumin
serum creatinine measurements that were performed on (338 out of 12,055 5 3%), we assigned the mean values
inpatients or on acutely ill outpatients by discarding for the entire study population (albumin 5 4.4 g/dL,
those laboratory values that were measured within one urea nitrogen 5 15 mg/dL). This should only slightly
week of each other. The remaining values were assumed affect the predicted GFR for those individuals since cre-
to reflect usual renal function. atinine, age, sex, and race determine most of the be-
Systematic differences in serum creatinine values were tween-person variation in GFR (T. Greene, MDRD bi-
found among those measured before 1997, those mea- ostatistician, personal communication). Specifically, the
sured during 1997, and those measured during 1998. proportion of variance accounted for by regression on
These resulted from changes in instrumentation and cali- the predictor variables (R2) in log(GFR) improved only
bration of the serum creatinine assays in the BWH labo- from 0.875 to 0.882 when serum albumin and urea nitro-
ratory. To correct for this, 0.1 mg/dL was added to the gen were added into a model that already included creati-
values of serum creatinine measurements in 1997 and nine, sex, race, and age.
0.3 mg/dL to measurements in 1998 [9]. Previous investi-
Hematocritgators have found that intramethodological variation in
serum creatinine measurements resulted in a systematic Since serum hematocrit as well as serum creatinine
bias that was constant in absolute magnitude throughout could change as a result of acute illnesses, we also applied
the same criterion used for creatinine and analyzed thethe range of serum creatinine [11, 12].
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Table 1. Characteristics of the study population by gender
Women (N 5 8,495) Men (N 5 3,560)
Age years 49616 51615
Race (white/black/other or unknown), % 45/27/28 44/22/34
Weight kg 74619 86618
Hematocrit % 38.763.6 42.864.0
Hemoglobin g/dL 12.961.3 14.361.4
Mean corpuscular volume (MCV) fL 8966 9066
Mean corpuscular hemoglobin (MCH) pg 3062 3062
Mean corpuscular hemoglobin concentration (MCHC) g/dL 3361 3461
Serum creatinine mg/dL 1.060.4 1.360.7
Creatinine clearance mL/min 85639 89632
Number of subjects with
CCr . 80 mL/min 3,896 (46%) 2,077 (58%)
80 $ CCr . 70 mL/min 1,263 (15%) 512 (14%)
70 $ CCr . 60 mL/min 1,219 (14%) 400 (11%)
60 $ CCr . 50 mL/min 984 (12%) 287 (8%)
50 $ CCr . 40 mL/min 613 (7%) 149 (4%)
40 $ CCr . 30 mL/min 341 (4%) 77 (2%)
30 $ CCr . 20 mL/min 133 (2%) 34 (1%)
CCr # 20 mL/min 46 (1%) 24 (1%)
Urea nitrogen mg/dL 1567 (N 5 8,420) 1768 (N 5 3,539)
Albumin g/dL 4.360.4 (N 5 8,255) 4.560.4 (N 5 3,462)
Glomerular filtration rate mL/min/1.73 m2 76627 76622
Number of subjects with
GFR . 80 mL/min/1.73 m2 2,785 (33%) 1,230 (35%)
80 $ GFR . 70 mL/min/1.73 m2 1,735 (20%) 897 (25%)
70 $ GFR . 60 mL/min/1.73 m2 1,884 (22%) 789 (22%)
60 $ GFR . 50 mL/min/1.73 m2 1,350 (16%) 415 (12%)
50 $ GFR . 40 mL/min/1.73 m2 486 (6%) 122 (3%)
40 $ GFR . 30 mL/min/1.73 m2 162 (2%) 46 (1%)
30 $ GFR . 20 mL/min/1.73 m2 49 (1%) 34 (1%)
GFR # 20 mL/min/1.73 m2 44 (1%) 27 (1%)
All values are mean 6 SD unless stated otherwise.
first hematocrit measurement recorded in BICS not per- Subjects were then divided into eight categories of renal
function by their MDRD formula, BSA-normalized GFR:formed within one week of another measurement. Data
on hemoglobin (Hgb), mean corpuscular volume (MCV), .80 mL/min/1.73 m2; .70 to #80 mL/min/1.73 m2; .60
to #70 mL/min/1.73 m2; .50 to #60 mL/min/1.73 m2; .40mean corpuscular Hgb (MCH), and MCH concentration
(MCHC) were also obtained. to #50 mL/min/1.73 m2; .30 to #40 mL/min/1.73 m2;
.20 to #30 mL/min/1.73 m2; and #20 mL/min/1.73 m2.
Data management and statistical analysis A general linear model was used to determine the associ-
Data management and analysis were conducted using ation between categories of MDRD formula GFR and
SAS software (Cary, NC, USA). The distributions of all hematocrit after adjusting for age and race. Again, analy-
variables were examined and outliers checked for data ses were performed using sex stratified models and then
entry errors and biologic plausibility. models with sex*renal function interaction terms.
Patients were first divided into eight categories of Finally, since the anemia of chronic renal insufficiency
renal function by their Cockcroft-Gault equation CCr: is characterized by normochromic and normocytic red
.80 mL/min (reference); .70 to #80 mL/min; .60 to blood cells [1], the analysis was repeated limited to sub-
#70 mL/min; .50 to #60 mL/min; .40 to #50 mL/min; jects whose red cell parameters fell within the normal refer-
.30 to #40 mL/min; .20 to #30 mL/min; and #20 mL/min. ence ranges of the BWH laboratory (MCV 80 to 95 fL,
Serum hematocrit was examined as the dependent vari- MCH 27 to 32 pg, and MCHC 32 to 36 g/dL). Since a
able in a general linear model (PROC REG) with age, hematocrit below 33% has been proposed as a threshold
race, and categories of CCr as independent variables. The for initiation of erythropoietin therapy [5], we calculated
value for age was that at time of the serum creatinine mea- the proportion of subjects with normochromic and nor-
surement. Race was defined as white (reference group), mocytic red blood cells and a hematocrit below 33%.
black, or other/unknown. Male and female subjects were
first analyzed separately. Statistical significance for effect
RESULTSmodification of the CCr–hematocrit association by sex was
The characteristics of the 8,495 women and 3,560 mentested using sex*renal function interaction terms in a
model that included both men and women. who met the study criteria are shown in Table 1. The mean
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Table 2. Change in hematocrit and hemoglobin according to category of creatinine clearance
Women (N 5 8,495) Men (N 5 3,560)
Difference in hematocrit Difference in hemoglobin Difference in hematocrit Difference in hemoglobin
(reference group is
CCr . 80 mL/min) % P value g/dL P value % P value g/dL P value
80 $ CCr . 70 mL/min 20.0 0.96 20.0 0.72 20.3 0.14 20.1 0.03
(20.2, 0.2) (20.1, 0.1) (20.7, 0.1) (20.3, 20.0)
70 $ CCr . 60 mL/min 20.1 0.41 20.0 0.39 20.2 0.32 20.1 0.31
(20.3, 0.1) (20.1, 0.0) (20.7, 0.2) (20.2, 0.1)
60 $ CCr . 50 mL/min 20.2 0.26 20.1 0.17 21.0 0.0002 20.4 ,0.0001
(20.4, 0.1) (20.2, 0.0) (21.5, 20.5) (20.6, 20.2)
50 $ CCr . 40 mL/min 20.3 0.10 20.1 0.03 22.4 ,0.0001 20.9 ,0.0001
(20.6, 0.1) (20.2, 0.0) (23.1, 21.7) (21.2, 20.7)
40 $ CCr . 30 mL/min 21.7 ,0.0001 20.6 ,0.0001 23.7 ,0.0001 21.4 ,0.0001
(22.1, 21.3) (20.8, 20.5) (24.6, 22.8) (21.7, 21.1)
30 $ CCr . 20 mL/min 22.9 ,0.0001 21.0 ,0.0001 23.5 ,0.0001 21.3 ,0.0001
(23.5, 22.3) (21.2, 20.8) (24.7, 22.2) (21.7, 20.8)
CCr # 20 mL/min 26.3 ,0.0001 22.2 ,0.0001 210.0 ,0.0001 23.6 ,0.0001
(27.4, 25.3) (22.6, 21.9) (211.5, 28.5) (24.1, 23.0)
Coefficients shown are from age- and race-adjusted sex-stratified models, and values in parentheses are 95% CI for parameter estimates.
Cockcroft-Gault equation-estimated CCr (6 SD) was 85 6 (Table 1). The median time lapses between creatinine
39 mL/min among women and 89 6 32 mL/min among measurement and urea nitrogen measurement and be-
men. The mean hematocrit was 38.7 6 3.6% among women tween creatinine measurement and albumin measure-
and 42.8 6 4.0% among men. The median time lapse ment were both 0 days (interquartile range, 0 to 0 days).
between creatinine measurement and hematocrit mea- When renal function was normalized to BSA, the in-
surement was 0 days (interquartile range, 0 to 17 days). tersex difference in the level of renal function associated
with lowered hematocrit was diminished but not abol-
Hematocrit and Cockcroft-Gault equation estimated ished. Using the conventional threshold of P , 0.05, we
creatinine clearance (mL/min) found that both men and women developed a statistically
Among men, the hematocrit significantly decreased significant decrease in serum hematocrit at the same
starting at a level #60 mL/min CCr. After adjusting for BSA-normalized GFR, 50 mL/min/1.73 m2. However,
age and race, the mean hematocrit of men with CCr 60 the change in hematocrit was greater in men than in
to 50 mL/min was an absolute change of 1.0% lower women. Compared with GFR .80 mL/min/1.73 m2 sub-
than that of men with CCr .80 mL/min (P 5 0.0002) and jects, the hematocrit of men with GFR 50 to 40 mL/min/
continued to decrease as CCr decreased (Table 2). In 1.73 m2 was an absolute change of 2.0% lower (P ,
contrast, there was no significant difference in hematocrit 0.0001), and that in women was 0.6% lower (P 5 0.002).
between the women with CCr 60 to 50 and those with CCr At every level of GFR below 50 mL/min/1.73 m2, after
.80 mL/min (estimated difference 5 20.2%, P 5 0.26). adjusting for age and race, the decrease in hematocrit
For women, the hematocrit significantly decreased start- (or Hgb) was greater for men than for women (Table 3).
ing at a level of CCr #40 mL/min. After age and race All sex*renal function interaction terms were significant
adjustment, the mean hematocrit of women with CCr 40 (P , 0.001).
to 30 mL/min was an absolute change of 1.7% lower
The findings were unchanged when analyses were lim-than that of women with CCr .80 mL/min (P , 0.0001). ited to the 11,666 subjects who had both measured serumThe different relationships in men and women between
albumin and urea nitrogen values online (data not shown).hematocrit and categories of renal function are shown
Further stratified analyses did not reveal effect modi-in Table 2. All between-sex differences were statistically
fication by race (black or white) or age (above or belowsignificant (P , 0.002) in the model with sex*renal func-
50 years), but these analyses were limited by the smalltion interaction terms (data not shown). The results were
number of patients in the lower categories of CCr andsimilar if Hgb was used instead of hematocrit as the
GFR (data not shown).outcome of interest (Table 2).
Renal insufficiency and normochromic andHematocrit and MDRD formula estimated BSA-
normocytic anemianormalized glomerular filtration rate (mL/min/1.73 m2)
Similar relationships between renal function and he-The mean MDRD formula-estimated BSA-normal-
matocrit were seen when we limited our analyses to theized GFR in this study was 76 6 27 mL/min/1.73 m2
among women and 76 6 22 mL/min/1.73 m2 among men 5,738 out of 8,495 women (68%) and 2,482 out of 3,560
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Table 3. Change in hematocrit and hemoglobin according to category of body surface area normalized glomerular filtration rate
Women (N 5 8,495) Men (N 5 3,560)
Difference in Difference in Difference in Difference in
hematocrit hemoglobin hematocrit hemoglobin
(reference group is
GFR . 80 mL/min/1.73 m2) % P value g/dL P value % P value g/dL P value
80 $ GFR . 70 mL/min/1.73 m2 0.6 ,0.0001 0.1 ,0.0001 0.1 0.52 0.0 0.44
(0.3, 0.8) (0.1, 0.2) (20.2, 0.4) (20.1, 0.2)
70 $ GFR . 60 mL/min/1.73 m2 0.5 ,0.0001 0.1 0.0009 0.1 0.51 0.1 0.40
(0.3, 0.7) (0.1, 0.2) (20.2, 0.5) (20.1, 0.2)
60 $ GFR . 50 mL/min/1.73 m2 0.5 ,0.0001 0.1 0.006 20.4 0.07 20.2 0.07
(0.3, 0.8) (0.0, 0.2) (20.9, 20.0) (20.3, 0.0)
50 $ GFR . 40 mL/min/1.73 m2 20.6 0.002 20.2 0.0004 22.0 ,0.0001 20.8 ,0.0001
(21.0, 20.2) (20.4, 20.1) (22.8, 21.3) (21.1, 20.5)
40 $ GFR . 30 mL/min/1.73 m2 21.6 ,0.0001 20.6 ,0.0001 24.4 ,0.0001 21.4 ,0.0001
(22.1, 21.0) (20.8, 20.3) (25.5, 23.2) (21.8, 21.0)
30 $ GFR . 20 mL/min/1.73 m2 23.8 ,0.0001 21.4 ,0.0001 25.3 ,0.0001 21.9 ,0.0001
(24.8, 22.8) (21.8, 21.1) (26.6, 24.0) (22.3, 21.4)
GFR # 20 mL/min/1.73 m2 25.3 ,0.0001 21.9 ,0.0001 29.4 ,0.0001 23.4 ,0.0001
(26.3, 24.3) (22.3, 21.6) (210.8, 28.0) (23.9, 22.9)
Coefficients shown are from age- and race-adjusted sex-stratified models, and values in parentheses are 95% CI for parameter estimates.
Table 4. Change in hematocrit according to category of creatinine clearance among subjects with normocytic and normochromic red blood
cells (MCV 80–95 fL, MCH 27–32 pg, and MCHC 32–36 g/dL)
Women (N 5 5,738) Men (N 5 2,482)
(reference group is Difference in Difference in
CCr . 80 mL/min) hematocrit % P value hematocrit % P value
80 $ CCr . 70 mL/min 0.1 0.51 20.3 0.21
70 $ CCr . 60 mL/min 20.1 0.44 20.3 0.30
60 $ CCr . 50 mL/min 20.4 0.02 20.7 0.03
50 $ CCr . 40 mL/min 20.3 0.07 22.2 ,0.0001
40 $ CCr . 30 mL/min 21.6 ,0.0001 22.9 ,0.0001
30 $ CCr . 20 mL/min 22.6 ,0.0001 23.8 ,0.0001
CCr # 20 mL/min 26.5 ,0.0001 211.2 ,0.0001
Coefficients shown are from age- and race-adjusted sex-stratified models.
(70%) men who had normochromic and normocytic red 1997 National Kidney Foundation Clinical Practice Guide-
lines recommended erythropoietin treatment for pa-blood cells (Table 4).
tients with chronic renal insufficiency, whether dialysisWe found that the prevalence of anemia (defined as
dependent or not, to achieve a target hematocrit of 33hematocrit ,33%) in this population increased progres-
to 36% [5].sively with worsening renal insufficiency (P for both gen-
However, the relationship between the level of renalders ,0.05). For example, in men, the prevalence of
function and degree of reduction in hematocrit has notanemia rose from 3% among those with CCr 60 to 50
been well defined. For any given level of renal function,mL/min to 5% among those with CCr 50 to 30 mL/min
there is a wide range of hematocrit [2–4, 24]. In a studyto 10% among those with CCr 30 to 20 mL/min to 63%
of 117 adults, Radtke et al found that there was noamong those with CCr #20 mL/min (Table 5).
significant correlation between CCr and hematocrit until
CCr fell below 40 mL/min/1.73 m2 [2]. McGonigle et al
DISCUSSION concluded after studying 31 children with renal insuffi-
Anemia is an important consequence of decreased kid- ciency that anemia became evident at CCr below 35 mL/
ney function. In patients with chronic renal insufficiency min/1.73 m2 [3], while Chandra, Clemons, and McVicar
not requiring dialysis, anemia contributes to adverse studied 48 pediatric patients and reported no significant
health effects such as left ventricular hypertrophy [16–18]. decrease in hematocrit until the GFR fell to below 20
The treatment of anemia with erythropoietin among pa- mL/min/1.73 m2 [4]. Other studies included mostly pa-
tients with chronic renal insufficiency not receiving dial- tients with advanced renal insufficiency [24], and all stud-
ysis ameliorates ventricular hypertrophy and improves ies used a simple slope to relate hematocrit to renal
function [2–4, 24]. To our knowledge, no prior study hasquality of life and other measures of health [19–23]. The
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Table 5. Percent of population with normocytic and normochromic The indications for serum creatinine and hematocrit
red blood cells and hematocrit ,33% according to category measurements in this population are not known, althoughof renal function
physicians often order these as “routine” laboratory tests.
Women Men However, it is possible that these tests were ordered be-
Creatinine clearance cause of concerns about abnormal kidney function or he-
60 $ CCr . 50 mL/min — 3% (6/195) matocrit. The effect of decreased renal function may be50 $ CCr . 40 mL/min — 5% (5/94)
underestimated if physicians are more likely to measure40 $ CCr . 30 mL/min 6% (12/216) 5% (2/39)
30 $ CCr . 20 mL/min 16% (13/81) 10% (2/20) hematocrits among subjects with preserved renal func-
CCr # 20 mL/min 56% (14/25) 63% (10/16) tion who are at higher risk for anemia. On the other hand,Glomerula filtration rate
since we only used one serum hematocrit measurement,50 $ GFR . 40 mL/min/1.73 m2 5% (18/333) 9% (7/77)
40 $ GFR . 30 mL/min/1.73 m2 10% (12/116) 10% (3/29) the observed magnitudes of effect may be overestimates
30 $ GFR . 20 mL/min/1.73 m2 33% (9/27) 0% (0/17) because of regression to the mean. Our findings therefore
GFR # 20 mL/min/1.73 m2 52% (11/21) 60% (12/20)
need to be confirmed in other populations. Although we
attempted to exclude serum creatinine and hematocrit
values measured during inpatients stays or acute illnessesexamined whether the association between anemia and
by only analyzing measurements separated by at leastrenal function varied by gender.
one week from another, residual misclassification of ex-In this large cross-sectional study of adults, a discern-
posure and outcome is still possible. However, this ap-ible decrease in hematocrit was noted when the Cock-
pears unlikely given the frequency of blood draws amongcroft-Gault CCr fell below 60 mL/min in men and 40 inpatients. We may not have controlled for some poten-mL/min in women. The magnitude of the decrease in
tial confounders of the association between decreased
hematocrit observed among those with mildly reduced renal function and anemia, such as presence of liver dis-
renal function is significant because prospective studies ease or use of nonsteroidal anti-inflammatory drugs, but
have shown that in this range of hematocrit, each 1.5% we believe that these are uncommon among general am-
decrease is associated with an odds ratio for increase in bulatory population or only weakly associated with both
left ventricular mass of 1.3 [18]. We found that a substan- outcome and exposure. Only estimated CCr and GFRstial fraction of patients with mild to moderate chronic were available; actual measurements were not done. It is
renal insufficiency in this population had normocytic and possible that the observed gender differences were af-
normochromic anemia that would likely be ameliorated fected by sex-specific biases in the Cockcroft-Gault equa-
by erythropoietin therapy. tion or the MDRD formula, although we are unaware of
The finding that clinically important detrimental con- any data suggesting that such biases exist. Because of the
sequences of renal insufficiency are detectable even with lack of information on height, we were unable to calculate
relatively modest decreases in renal function is consistent BSA and compare absolute CCr versus BSA-normalized
with other recent data. For example, we now know that CCr or absolute GFR versus BSA-normalized GFR. CCr
mild to moderate renal insufficiency is associated with is higher than GFR because of tubular secretion of creati-
elevated levels of lipoprotein(a) [25], secondary hyper- nine [28]. We are not aware of any data examining the
parathyroidism and 1,25 dihydroxy-vitamin D deficiency relationship between the anemia of renal insufficiency
[26], and increased mortality after surgery [27]. and creatinine secretion and how this may bias our re-
In our study the association between hematocrit and sults. We do not have information on the use of erythro-
renal function was modified by gender. Hematocrit ap- poietin in this population, although it is unlikely that this
peared to decrease at a higher CCr in men than in women was widespread beyond those with CCr #20 mL/min [29].
and at any given level of CCr or GFR, men have a greater In conclusion, in this large cross-sectional study of
decrease in hematocrit than women. The exact etiology ambulatory patients, we found that a decrease in hemato-
and clinical significance of this is not clear. We found crit was apparent even among patients with mild to mod-
that the between-sex difference was diminished, but not erate renal insufficiency. At any given level of renal
abolished, when a body size indexed measure of renal function, men have a larger decrease in hematocrit than
function was used (MDRD estimated GFR in mL/min/ women. More studies are needed to understand fully the
1.73 m2 vs. Cockcroft-Gault estimated CCr in mL/min). adverse consequences of mild to moderate chronic renal
This leads to the interesting speculation that larger sized insufficiency.
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